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SYNTHESIS ARTICLE
Climate-smart agriculture: perspectives and framings
Alvin Chandra, Karen E. McNamara and Paul Dargusch
School of Earth and Environmental Sciences, The University of Queensland, Brisbane, Australia
ABSTRACT
This paper offers a systematic analysis of the concepts and contexts that frame the
climate-smart agriculture (CSA) discourse in the academic and policy literature.
Documents (n = 113) related to CSA and published in peer-reviewed journals,
books, working papers, and scientific reports from 2004 to 2016 were reviewed.
Three key trends emerged from the analysis: studies are biased towards global
policy agendas; research focuses on scientific and technical issues; and the
integration of mitigation, adaptation, and food security (the three pillars of CSA) is
becoming a popular scholarly solution. Findings suggest that CSA is a fairly new
concept used to describe a range of adaptation and mitigation practices without a
specific set of criteria. Although CSA is often framed around the three pillars, the
underlying issues constructing the discourse differ at global, developing, and
developed country scales. Although there is increasing research on developing
countries, particularly in relation to how CSA can transform smallholder agriculture,
there is a paucity of research documenting the experiences from developed
countries. The findings suggest that research on CSA needs to move beyond solely
focussing on scientific approaches and only in certain geographical contexts. If CSA
is to be applicable for farmers across the globe, then cross-disciplinary research that
is underpinned by broad socio-economic and political contexts is essential to
understand how differences in narratives might affect implementation on-the-
ground in both developing and developed countries.
Policy relevance
Although policy makers are increasingly supportive of the climate-smart agriculture
(CSA) approach, the rhetoric has largely been developed on the basis of scientific
and technical arguments. The political implications of varying perspectives have
resulted in a growing divide between how developing and developed countries
frame solutions to the impacts of climate change on agriculture under the 2015
Paris Agreement. Different framings are part of the explanation for why the scope
of CSA is being rethought, with the scientific community redirecting attention to
seeking a separate work programme under the United Nations Framework
Convention on Climate Change (UNFCCC). The current policy framing of CSA will
give no new policy direction unless it grounds itself in the smallholder farmer and
civil society contexts.
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1. Introduction
There is a clear signal from the scientific community that temperatures will increase globally due to climate
change, and this is likely to adversely impact agricultural productivity significantly. Climate-smart is therefore
being embraced globally as an approach to transform and protect the agriculture sector. Climate-smart agricul-
ture (CSA) is defined as a strategy to address the challenges of climate change and food security by sustainably
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increasing productivity, bolstering resilience, reducing GHG emissions, and enhancing achievement of national
food security and development goals (FAO, 2010). Policy imperatives for CSA include the need to increase food
yields, feed a growing population of nine billion by 2050, mobilize investments to farmers and reduce GHG emis-
sions (WB, 2010). Agriculture is the predominant economic industry in many countries, and is key to meeting
basic needs and livelihoods for 70% of the world’s poorest people (GCEC, 2014). Thus adaptation, mitigation,
and food security (the three pillars of CSA) will have important implications for the world’s poorest farmers.
In principle, CSA imperatives have much to offer beyond contributing to sustainable development goals at
the local level. But numerous factors constrain the adoption and effectiveness of CSA policy. McCarthy, Lipper,
and Branca (2011), for example, argue that there are institutional1 barriers to the adoption and upscaling of CSA
technologies and practices. CSA interventions are knowledge-intensive, location-specific, and require consider-
able capacity development (Neufeldt et al., 2013). Therefore, scholars suggest that upscaling participatory com-
munity-driven approaches to sustainable agriculture can engender equitable transformation of agriculture
(Nagothu, Kolberg, & Stirling, 2016; Porter et al., 2014). Low-cost sustainable agriculture practices such as con-
servation agriculture, agro-ecology, ecosystem-based management, small-scale irrigation, agroforestry, soil/
water conservation, and grazing land management have been implemented for decades (Lasco, Delfino, Cata-
cutan, Simelton, & Wilson, 2014). Likewise, environmentalists are concerned about the weak participation of a
broad range of actors in the global governance and knowledge co-production of CSA that currently promotes
certain scientific and political ideologies (Ewbank, 2015). Overall, there are differences in how CSA is being
framed, perceived, and discussed by actors at the global, developing, and developed country levels.
But how does the current literature reflect the diverse perspectives on CSA and what are the implications for
framing the discourse in particular ways? Does the scientific literature offer any new solutions or does it simply
rebrand existing agricultural development approaches as CSA? In this article, we aim to systematically review
scientific and policy literature on CSA and report findings from three different geo-economic institutional
scales: global, developing, and developed countries. More specifically, this synthesis examines the similarities,
differences, and narratives that frame CSA between these three geo-economic groupings. These three scales
are used to analyse CSA literature to reflect the recent globalization of agro-food systems and climate policy
negotiations. This article provides a summary of key research and policy gaps, and the implications for CSA
research and knowledge co-production.
2. Background: brief history of CSA
CSA represents a combination of practices that have historically been used in the environmental ecology, con-
servation, climate change, and agriculture fields. However, the relationship between agriculture and climate
change is weakly understood, particularly the dual nature of the sector (i.e. agriculture systems are a major con-
tributor to global anthropogenic GHG emissions and are simultaneously vulnerable to climate change shocks
and stresses). By 2007, evidence on the dual relationship between climate change and agriculture became
apparent through scientific assessments of the Intergovernmental Panel on Climate Change (IPCC) and policy
reviews of development agencies. The nature and extent of the dual effect became clearer: agricultural
systems are likely contributors to and are impacted by climate variability and change, with the majority of
impacts being felt by developing countries. In particular, the IPCC (2007) concluded with a sense of global
urgency that GHG emissions (CH4 and N2O) from agricultural lands were increasing and that ‘there are inter-
actions between mitigation and adaptation in the agricultural sector, which may occur simultaneously, but
differ in their spatial and geographic characteristics’ (p. 500). Given the limited progress made on mainstreaming
climate change in the agriculture sector, the potential for integrated actions became imperative: new
approaches were needed to transition to climate-resilient agricultural development.
The 2007–2008 global food crisis brought a surge of multiple issues impacting the productivity of agricultural
systems in developing countries to the political level. For example, spikes in food and energy prices adversely
affected low-income consumers and the poor (Beddington et al., 2012). Key food commodities such as rice, corn
(maize), wheat, and soybeans experienced sharp increases, causing social and economic tensions in poor food-
importing countries (Addison et al., 2011). Among market and trade barriers, internal/external drivers such as
weak agricultural policies, rural development efforts, subsidies for biofuel, property rights and land tenure,
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crop failures from natural disasters and soil loss, were impacting the livelihoods of smallholder farmers and
women in particular (UNDP, 2013). In a world of already declining food production, development agencies
such as the United Nations Food and Agriculture Organization (FAO) and World Bank raised concerns that
efforts to reduce poverty, especially for the rural poor were being undermined (FAO, 2010). It was also apparent
from the 2007–2008 global food crisis that food security remained a volatile issue for the poorest, whereas resi-
lience of agricultural production systems needed a new direction in developing countries to address the mul-
tiple interlinked challenges.
The need for more resilient systems, where agriculture is part of the solution to climate change, led the FAO
and World Bank to formally develop CSA in 2010 (FAO, 2010) as an approach to guide the transformation of
commercial and subsistence agricultural systems in developing countries – a major target group of multilateral
donors. Recognizing the need to reconcile different emerging perceptions of CSA, the first global policy confer-
ence on the topic was held at The Hague, Netherlands (31 October–5 November 2010), organized by developing
and developed country governments, along with the World Bank and FAO. Stakeholders representing govern-
ments, international and regional organizations, the private sector, NGOs, philanthropic foundations, and the
scientific community met at this Global Conference on Agriculture, Food Security and Climate Change to
develop a roadmap for action (Neufeldt et al., 2013). The Roadmap for Action on Agriculture, Food Security
and Climate Change, endorsed by ministers, called for urgent actions that target the world’s poor living in
rural areas, particularly women farmers (WB, 2010). For the first time, the Roadmap recognized the interlinkages
between agriculture, food security, and climate change at the ministerial level, and that integrated policies were
needed for CSA.
To further develop the approach to, and partnership on, CSA, conferences were held in Vietnam (2012)
and South Africa (2013). Successive science workshops were also held in the Netherlands (2011), USA
(2013) and France (2015). In September 2014, during the UN Secretary-General’s Climate Summit, the
Global Alliance for CSA (GACSA) was launched with an emphasis on developing knowledge and coordinat-
ing global level collaboration (GACSA, 2015a). The global agenda on CSA has so far focussed on developing
the knowledge base on what constitutes CSA and how partnering institutions could promote CSA
imperatives.
The following sections of this article show the results of an analysis of the CSA discourse as perceived and
practised at the global, developing and developed country levels through a review of relevant academic and
policy literature.
3. Method
Systematic analysis is a rigorous research strategy used to investigate knowledge gaps, critical issues, and novel
approaches. The method involves reviewing studies using formulated questions and explicit criteria to appraise
relevant research (Nielsen & D’haen, 2014). The systematic review and qualitative analysis of data in this research
was informed by methodologies for climate change literature reviews undertaken by Ford, Berrang-Ford, and
Paterson (2011) and Thomas (2014). It was conducted between March 2015 and September 2016 and includes
a range of relevant technical, policy and research materials covering theory and evidence on CSA. It was con-
ducted in three stages: document selection, data analysis using Leximancer software, and manual coding of
data and triangulation into narrative themes.
First, a review of existing scientific and policy literature on CSA was conducted to identify the range of peer-
reviewed published academic materials available on the subject. Using information from the preliminary data,
keywords and a set of inclusion and exclusion criteria were established for the selection of documents. The use
of established criteria for screening the documents helped reduce bias in the selection and inclusion of studies,
appraised the quality of studies, and provided an objective overview of emerging themes (Petticrew, 2001). The
inclusion criteria for the selection of documents were:
. published documents that focused on answering CSA research questions, examining CSA theory, or provid-
ing evidence and policy from the developed, developing or global levels (e.g. journal articles, books (includ-
ing chapters and booklets), working articles, reports);
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. studies that addressed climate change or climate related impacts on smallholder agriculture (e.g. adaptation,
mitigation, food security, and climate smart), and integrated options for the agriculture sector; and
. materials published between 2004 and 2016.
The exclusion criteria related to:
. documents focusing on crop production systems that are not integrated with smallholder mixed farm
systems;
. unpublished materials and documents for which origins cannot be found or sourced through online data-
bases (e.g. abstracts, presentations, conference papers);
. documents written in languages other than English; and
. documents outside the selected timeframe of publication.
The scope of studies and timeframe of published documents was necessary to understand the development
of, and narratives underpinning, CSA. Documents were identified by searching online databases including Scien-
ceDirect (Elsevier), Web of Science, Google Scholar, Springer Link, Wiley Online Library, and Climate Change,
Agriculture and Food Security (CCAFS). The principle keyword search term was ‘climate-smart agriculture’
and five more search criteria were used to identify documents: ‘smallholder’, ‘agriculture adaptation’, ‘agriculture
mitigation’, ‘food security and climate-smart’, and ‘integration of mitigation and adaptation’. Only published
research papers, technical reports, policy briefs and books were searched. The initial search retrieved 3754 docu-
ments, and all the publications were screened for keywords in the title, abstracts and introduction using the
established criteria. The introduction of the selected publications was read to identify whether the study was
a global overview or country case study. The category ‘global’ included documents that presented CSA data
from the perspectives of a number of countries and regions (e.g. IPCC reports, world agriculture reports etc.).
The category ‘country case studies’ included data and findings from a specific country, with the aim of providing
detailed analysis of national and sub-national level CSA case studies from developing or developed countries.
Documents from developing and developed countries were closely read and the final screening involved the
selection of documents relevant to smallholder agriculture, focusing on mixed crop systems. For example,
publications about production systems such as commercial livestock, fisheries, and large-scale forestry not
integrated with smallholder farming systems were excluded. The final selection of 113 published documents
was grouped into three folders: global, developing country, and developed country.
Second, the 113 documents were analysed using LeximancerTM Version 4. Leximancer is a data analysis tool
used to extract themes, concepts, and ideas, thus relating contextual meaning and understanding to the analy-
sis (Leximancer, 2016)). Leximancer software analyses text documents to identify the high-level concepts pro-
viding relationships of key ideas, themes, and summaries via interactive visualizations and data exports
(Leximancer, 2016). The use of the software helped to reduce human bias in data coding, and analyse the
CSA approach in the context of multiple factors in the literature. The software uses proximity in texts and
word correlation to analyse large streams of qualitative data. The method of data analysis used in this research
is further described in Thomas (2014). Clusters of texts producing a series of themes and summaries are pro-
duced in cloud visualizations of cognitive maps by the software. The cognitive map locates the proximity
and relationship between the themes and concepts with similar meanings within the data sets using networks.
The concepts were grouped according to their mutual relevance, with the size of the dots in the cognitive maps
describing the frequency of the concept’s appearance (Thomas, 2014). The software was directed to a minimum
of four simulations, each time focusing separately on global, developing and developed countries data sets.
Each analysis examined 20 concepts related to CSA per category: adaptation, barriers, capacity, crop, finance,
food, gender, governance, institutional, integration, knowledge, market, mitigation, policy, production, resili-
ence, security, technology, vulnerability, and yield. All the related concepts, except ‘climate’, ‘smart’, ‘agriculture’
and ‘smallholder’ (central concepts in all documents) were excluded in the mapping simulations. The three
network map visualizations were ‘re-clustered’ in the same themes ten times to ensure the software produced
stable clusters of concepts (Thomas, 2014).
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For the third component, the content of documents was analysed by manually coding and triangulating nar-
rative data themes, contained in individual publications, as exemplified in the discussion of research results pre-
sented in this paper. Each of the cluster themes and their relationship to each other was explained using
summaries extracted through Leximancer analysis. The Leximancer summary list provided brief characteristic
text segments that illustrated the relationships between key concepts in the maps. The most important con-
cepts (identified by number of connections, tag categories, concept profiles, and size of circle) were extracted
from the summary analysis. The concepts were read alongside the respective publications to discover patterns,
themes, and categories. The summaries were manually coded, synthesized, and elaborated using literature to
identify themes on CSA, key ideas, patterns, and research gaps from the selected publications. Each publication
was closely read and then coded, whereby sections of the document texts were manually matched with the
appropriate codes. Coded text was then retrieved, evaluated, and compared with the cognitive maps to identify
different narratives on and framing of CSA (Ford et al., 2011).
The data collection stage of the systematic review has some limitations. CSA is a broad approach and includes
several sustainable agriculture practices. However, only publications making reference to CSA and the search
criteria were included. The databases search was limited to only one keyword at a time, and initial screening
was limited to titles and abstracts referring to CSA. Articles referring to adaptation and mitigation approaches
in the agriculture sector relevant to CSA may have been overlooked.
4. Results and discussion
4.1. Overview of the CSA research agenda
The systematic review analysed 113 documents, 54% of which (n = 61) were specific to CSA. Documents con-
sisted of four types: 63 peer-reviewed papers published in academic journals, 11 books and book chapters,
21 published reports by development agencies, and 18 working papers. A summary of the publications accord-
ing to the search criteria is provided in Supplementary Data D1. A full set of results and details of documents
included in the data analysis grouped according to type and focus is provided in Supplementary Data D2.
Three key trends on CSA research emerge from the systematic analysis: a predominant focus on developing
countries and generating global trends; a focus on scientific/technical issues; and a re-branding of sustainable
agriculture practices (Figure 1(a)). First, most literature puts forward a global perspective. An increasing number
of studies focuses on developing countries, recommending CSA as an alternative approach for agriculture
(as discussed further in Section 4.3). 11.5% (n = 13) of the publications focused on developed countries
(Figure 1(a)) or large-scale implementation of CSA. In many of the works, scientists have explained crop distri-
bution and allocation, potential impact of global temperature change on crop yields and the challenges of
Figure 1. Systematic analysis of climate-smart agriculture literature grouped according to (a) location, (b) focus, and (c) pillar. (a) Reports per-
centages while (b) and (c) report actual values.
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climate change integration in the developing country agriculture sector. Literature following the above-men-
tioned First Global Conference on Agriculture, Food Security, and Climate Change focused on establishing a
global agenda for CSA. These studies originate mainly from the agriculture, development, and climate
change institutions based in the northern hemisphere. For example, between 2013 and 2016, 19% (n = 21) of
CSA specific research was published by the Consultative Group on International Agriculture Research
(CGIAR)-CCAFS, based in Denmark. Within the developing country group, most studies were conducted in
Africa, identifying CSA investment opportunities. Overall, studies from Latin America and Southeast Asia were
limited. Where studies were conducted in Asia, most research focused on India and China.
Second, most studies focused on understanding the scientific and technical practices related to CSA (Figure 1
(b)). 46% (n = 52) and 42% (n = 47) of the studies took place between 2011–2014 and 2015–2016 respectively.
The short timeframe of research corresponds with key policy developments such as the launch of CSA by FAO
(2010), and the UN Action on Agriculture and GACSA at the Climate Summit (2014). A focus of the Climate
Summit was to encourage scientific development on CSA at global, regional, and national levels. Scientific part-
nerships such as CGIAR Research and Development and the Global Research Alliance on Agricultural Green-
house Gases were launched to enhance research cooperation (UN, 2014). Few studies, however, examine the
social, economic, and management dimensions of CSA. The overall lack of studies conducted by community-
based and NGO programmes or available on online databases is striking. Few studies have integrated NGO per-
spectives; emerging NGO literature focuses on the policy implications of CSA, particularly for smallholder
farmers, and the growing influence of the GACSA (e.g. Anderson, 2014; Aubert, Brun, & Treyer, 2015; GRAIN,
2015). Even fewer studies have examined the application and development of participatory tools for implement-
ing and prioritizing CSA, the use of assessment frameworks and cost–benefit analysis of climate-smart farming
practices.
Finally, the overall evaluation of studies in the systematic review finds a trend towards the rebranding of sus-
tainable agriculture practices as climate-smart or integrated agriculture. Almost any crop and farm management
technology and practice that contributes to food productivity, low inputs, land management, resource conser-
vation (soil, water, and biodiversity), agroforestry, or agro-ecology is considered to be climate-smart (e.g. Bedmar
Villanueva et al., 2016; Deng, Chen, Feng, Chen, & Zhang, 2016; Saravanan, 2013; Thierfelder, Rusinamhodzi, Seti-
mela, Walker, & Eash, 2015). Crop and farm management technology and practices, although not explicitly men-
tioning climate benefits (adaptation or mitigation), were similar to studies on sustainable agriculture (e.g. Franks,
2014; Reidsma et al., 2015; Rockström et al., 2016). The focus of the reviewed CSA practices was mostly on com-
mercial crops such as rice, wheat, and corn; few studies examined impacts on mixed vegetable cropping
systems. In comparison, 61% of the publications classified on-farm practices as ‘integrated’ strategies (Figure
1(c)). Integrated strategies identified how the different dimensions of the three pillars of CSA interact or directly
contribute to counter climate vulnerability and change.
4.2. What are climate-smart practices and technologies?
The assessed literature includes different definitions of CSA, along with different interpretations of CSA practices
and integration of the three CSA pillars (see Supplementary Data D3). CSA practices described in the literature
include diverse on-farm practices such as agronomy, agroforestry, livestock, forestry, land use, pastoral and
grazing, water and soil management, and bioenergy (Bryan et al., 2013; Thorn, Friedman, Benz, Willis, & Petro-
kofsky, 2016). Similarly, the literature states that smart practices can provide policy directions for mainstreaming
of climate change, health and nutritional benefits, finance, and infrastructure development (Dinesh et al., 2015;
Harvey et al., 2014). In theory, CSA practices and technologies should address three core components: sustain-
ably increasing productivity, supporting farmers’ adaptation to climate change, and reducing levels of GHGs
(Lipper et al., 2014). Critics point out that many agricultural practices are being ‘rebranded’ as climate-smart,
although they may not actually be addressing climate change issues (Ewbank, 2015; GRAIN, 2015).
The early studies (2004–2010) assessed in this review indicate that ‘smart’ agricultural practices emphasized
the adaptation dimension more than mitigation. Studies focused on the impacts of global warming on future
crop yields, climate risk management (CRM), production enhancement activities and farm-level management
adaptation responses. Crop modelling studies indicate adaptation benefits to major crops such as rice,
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wheat, and maize. They conclude that on-farm adaptation would lead to significant improvements to yield,
avoiding damage for temperature increases of up to 1–2°C in temperate regions and up to 1.5–3°C in tropical
regions (Howden et al., 2007). Most categories of adaptation practices are also reported to have positive impacts
on mitigation by reducing GHG emissions, improving efficiency of nitrogen use, and increasing soil carbon
storage (Rosenzweig & Tubiello, 2007). Several studies point to the need to include the growing emissions of
the agriculture sector in GHG regulation systems (Branca, McCarthy, Lipper, & Jolejole, 2011; Camargo, Ryan,
& Richard, 2013). However, mitigation options in agriculture were less likely to be profitable for smallholder
farmers unless accompanied by strong economic support for adaptive capacity and demonstration (Smith &
Olesen, 2010).
Wary of increasing GHG emissions, the integration of adaptation and mitigation practices in the agriculture
sector has become a focus of scientific scrutiny. Scholars have proposed changes in farming systems to increase
land-based mitigation from the agricultural sector, where soil carbon has highest returns to food security (e.g.
Zanella et al., 2015). Furthermore, the IPCC assessment reports provide a discussion on important overlaps and
non-linear interactions between food, water, land, and climate systems (Klein et al., 2007; Smith et al., 2007).
These overlaps and inter-relationships become more apparent at landscape and farm levels (Falloon & Betts,
2010) involving potential synergies or trade-offs in the changes in production needed to meet food demand
and reducing climate vulnerability and GHG emissions. Synergy is defined as ‘the interaction of adaptation
and mitigation so that their combined effect is greater than the sum of their effects if implemented separately’
while trade-offs are ‘a balancing of adaptation and mitigation when it is not possible to carry out both activities
fully at the same time’ (Klein et al., 2007, p. 749). Synergies between adaptation and mitigation in the agriculture
sector have been studied in more detail by Smith and Olesen (2010). Synergistic adaptation and mitigation prac-
tices are the same farming practices and not necessarily a ‘synergy’ between different practices.
Following the IPCC recommendation of integrated strategies, CSA studies have begun an examination of
synergistic practices in an attempt to increase the cost-effectiveness and efficiency of climate change
actions. Studies conclude that CSA should involve an assessment of the optimal mixes of synergistic adap-
tation–mitigation practices (Lipper et al., 2014) that minimize negative trade-offs. Yet synergies and trade-
offs between agri-food systems, climate change responses and development are interconnected and
complex. Detailed knowledge of local social-ecological contexts and transformational processes (Thornton &
Comberti, 2013) affecting the implementation of adaptation and mitigation practices within agrarian societies
is limited. Studies emphasized that the context and scale of synergies and trade-offs affect the outcomes of CSA.
Researchers recommend that the influence of spatial, temporal, and institutional contexts and scales should be
further investigated in CSA implementation (Rosenzweig & Tubiello, 2007; Smith & Olesen, 2010). To date, the
literature provides little empirical evidence on how different scales influence synergies and trade-offs in adap-
tation and mitigation farming practices.
Around the time when CSA was discussed as a means of agricultural transformation, the resilience agenda
had gained resonance in the scientific community. Studies recommended that in addition to climate benefits,
climate-resilient transformation pathways for agriculture should aim to integrate broader resiliency and devel-
opment benefits at rural landscape levels. Suckall, Stringer, and Tompkins (2015) frame the development co-
benefits of synergistic practices in the context of ‘triple-win’ solutions. For example, irrigation and soil and
water conservation solutions can provide improved livelihoods in addition to adaptation and mitigation in tro-
pical and arid regions. Co-benefits in the context of CSA are described as additional benefits and positive side
effects that can significantly increase the outcomes of CSA policies and practices (IPCC, 2007). These co-benefits
can range from improved income, education, and nutrition to more diversified livelihood options (Wilbanks &
Sathaye, 2007). The co-benefits approach to CSA is a multiple ‘win-win’ strategy and one that would require
programmes to rethink agricultural landscapes within the food–water–energy nexus (Bogdanski, 2012; Rasul
& Sharma, 2016; Scherr, Shames, & Friedman, 2012). Triple wins, synergies, and co-benefits of CSA, however,
depend on scales and agro-ecological zones (Lipper et al., 2014). Although these concepts feature as
common terms in the CSA literature, co-benefits in particular are under-recognized (Ürge-Vorsatz, Herrero,
Dubash, & Lecocq, 2014) and there is limited evidence of its measurement or practical application in the
agriculture sector.
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4.3. Similarities and differences in framing of CSA
Agro-food systems are strongly embedded within multiple scales (global–regional–national–local) and the inter-
action of contexts and scales can better inform the CSA concept. Cognitive maps in Figure 2 show how CSA is
framed differently at the global, developing, and developed country scales. The circles represent the primary
Figure 2. Leximancer analysis results showing cognitive maps on framings of CSA by (a) global agencies, and (b) developing and (c) developed
countries. The figures on the left show the key concept of the framings and the one on the right shows their corresponding detailed network
contents.
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themes, while the concepts are represented by the dots. In this research, the cognitive maps are useful visual
representations of the CSA discourse across the geo-economic institutional scales, that is, the global, developing
and developed country contexts. The interconnected relationships between the themes and concepts show
how agriculture will transition in the coming decades as a result of this non-linear web of factors underpinning
the food-energy-climate change trilemma (see Harvey, 2014).
Two dominant themes underpin the CSA discourse: ‘food security’ and ‘climate vulnerability’. In general, con-
cepts that appeared similar to food security and climate vulnerability clustered together with emissions and crop
yield themes. In relation to clustering, the resultant concept map also revealed some distinct thematic clusters
conjoined by a common context at the global and developing country level: ‘gender’, ‘market’, and ‘policy and
institutional’. These three concepts are also poorly developed within the CSA literature, with most authors citing
these areas as challenges to the discourse. Gender was commonly associated to ‘rights’, ‘participation’, ‘women’,
‘finance’, and ‘women’s group’. CSA factors relating to market changes included how transport influenced agri-
cultural production (storage, quality, losses), how economic choices (supply, demand, consumer chains) influ-
ence CSA options, and how such decisions influence climate effects on the consumer chains. With respect to
positioning of the agricultural sector for mitigation efforts, the cognitive maps revealed that the challenge is
how ‘market systems’ can be used to achieve further reductions in GHG emissions without excessively burden-
ing the smallholder farmers (developing) or compromising the economic competitiveness of agriculture trade
(developed) whilst meeting the growing global food demand. This can be explained by ‘market systems’ closely
associated with data-oriented concepts on agricultural mitigation financing: sequestration, technologies,
farmers, energy, price, trading, income, labour, feed, demand, transport, and distribution.
The concepts and issues underpinning CSA mean a variety of things in the literature. There is a comprehen-
sive difference in how CSA is interpreted depending on the context and the variation in the relative importance
of mitigation, adaptation and food production. At the global scale, the analysis showed that CSA is framed
around food security issues. Key underlying priority themes include ‘climate vulnerability’, ‘increasing emissions’,
‘policy and institutional’ and ‘crop yield’ (Figure 2(a)). For international development agencies, these are the core
areas for funding, technical support, and capacity building. Climate impacts were closely related to ‘uncertain-
ties’, ‘complex system’, ‘risk’, and ‘vulnerability’. Uncertainties in climate projections are especially significant for
how variability and change will affect commercial crop yields at the regional and (sub) national levels. Although
Figure 2. Continued.
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yield reductions for most crops are likely under different climate scenarios, more recent scientific evidence
suggests significant reductions in production under policy-relevant limits of 1.5°C and 2°C (Schleussner et al.,
2016). Analysis also suggests that CSA research at the global level has largely focused on developing countries
(about 47.8% of the sample documents, see Figure 1(a)) and the CSA concept post-2010 has largely been
promoted as a research and action agenda for smallholder farmers, low-income agricultural producers and
consumers.
Within the developing country cognitive map (Figure 2(b)), CSA is framed in the context of agricultural adap-
tation for smallholder farmers. Two issues favouring CSA are significant (Figure 2(b)). First, noting the relative
sizes of the circles and concept dots, the map provides for the inductively generated conclusions that CSA pri-
orities mostly relate to ‘smallholder farmers’, ‘adaptation’, ‘food security’, ‘policy and institutional’, ‘gender’, and
to a lesser extent ‘market’ and ‘finance’ ramifications. ‘Adaptation’ (with the prospect of funding) as opposed to
‘mitigation’ has a role to play in helping the most vulnerable smallholder farmers in developing countries protect
their farms and production systems from the negative effects of climate change. Second, financing for CSA in the
world’s poorest countries is closely associated with ‘policy and institutional’ factors, which include ‘decision-
making’, ‘partnership’, ‘participation’, ‘funding mechanisms’, and ‘national agenda’. A complex web of multiple
institutional and decision-making arrangements generates different policy agenda and planning cycles, which
are poorly coordinated to support integrated CSA strategies. A recurring issue in the literature and a likely key
barrier to CSA funding, is the growing division between mitigation and adaptation strategies in national climate
change policies.
In contrast, with the developed country cognitive map (Figure 2(c)) CSA is framed as CRM in the agriculture
sector. Significant underlying concepts include ‘climate variability’, ‘mitigation’, and ‘livestock’. The close proxi-
mity of CRM on the map represents its attachment and relationship to other themes and underlying concepts.
Concepts underlying CRM included ‘sensitivity’, ‘knowledge’, ‘research’, ‘programs’, ‘weather projections’, and
‘energy markets’. CRM is reflective of the advanced capacities of developed countries to plan and implement
strategic approaches (e.g. scientific advances on climate projections, energy markets integrated with security
issues). While there is an unbalanced emphasis on ‘mitigation’ of climate change in the agriculture sector in
developed countries and at the global level, we find evidence of increasing climate impacts for the agriculture
and water sectors. For example, ‘crops’ (e.g. rice, wheat, cotton, and soybean) were closely associated with
‘drought’, ‘heat’, ‘water’, ‘pests’, ‘warmer season’, ‘weed’, and even increasing ‘losses’. Equally important to
CRM, was the emphasis on ‘emissions’ (carbon and nitrogen) in the ‘livestock’ sector relating to ‘manure’ and
‘cattle’ (enteric fermentation). Distant to all other themes was the concept of ‘adaptation’ suggesting that miti-
gation remains a key priority policy in developed countries.
4.4. Dominant narratives informing CSA
The CSA approach itself is not yet certain enough to convince policy makers and practitioners that main-
streaming of both adaptation and mitigation is prudent in the agriculture sector. A large part of this uncer-
tainty stems from how the concept is being framed and perceived by different geo-economic scales and
stakeholders. There are also other political reasons for inaction such as sensitivities relating to trade.
While a number of transformations are discussed in the literature (e.g. green growth, sustainable develop-
ment, resilient pathways, ecological modernization, low-emissions agriculture), content analysis indicates
that the narrative ‘sustainable intensification’ has been used to describe a variety of practices, high-yielding
technologies and socio-environmental outcomes, which have largely informed the CSA discourse (e.g. see
Campbell et al., 2014; Lipper et al., 2014; Rockström et al., 2016). Sustainable intensification in agriculture
has been stimulated by a sense of urgency or the ‘doomsday’ attitude to address the food security challenge
under business-as-usual climate change scenarios (Steenwerth et al., 2014). Challenges such as growth in
human population, modernization of agriculture that could ‘feed the world’ by 2050, food and financial
crises (2007-mid-2008), and rising energy prices are cited as key motivations for transforming agriculture
(Holt-Giménez & Altieri, 2013; Jordan & Davis, 2015; Tittonell, 2014). Although these crises have different
underlying causes, they have become intertwined in complex ways with implications for the agriculture
sector and the poor.
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The CSA concept differentiates itself from sustainable intensification by focusing on the more efficient use of
resources via a climate change lens (Lipper et al., 2014). CSA also presents itself as a renewed way to address the
complex challenges associated with global climate change policies. For example, the concept was linked to
increasing political momentum on agricultural adaptation and mitigation within negotiations under the
United Nations Framework Convention on Climate Change (UNFCCC) (Beddington et al., 2012; Dinesh et al.,
2016). Finally, CSA is also described in the literature as going beyond sustainable intensification by encapsulat-
ing national development and sustainability agendas. For example, it has been persuasively argued by Campbell
et al. (2014) that CSA can mobilize strong government interventions and public support for sustainable
production patterns and food distribution systems.
4.5. Governance and knowledge co-production
In this section, we discuss underlying narratives critiquing the CSA concept, and identify shortcomings within its
governance. There is a growing divide within the CSA discourse, as can be seen from the opposition to the
approach from some NGOs. While scientific/technical scholarship appears to support the CSA concept, NGO
policy-specific publications are critical and strongly oppose the approach. Of the reviewed documents, 7% (n
= 8) (all published by NGOs and community-based actors) are critical of CSA. Concerns include absence of per-
formance criteria to distinguish CSA models from unsustainable ones, weak recognition of nutrition, justice and
equality issues, lack of consideration of smallholder-specific issues, and lack of accountability of GACSA
members to smallholders (CIDSE, 2015; Ewbank, 2015; GRAIN, 2015).2 In developing countries, these concerns
may be fuelled by the fact that mitigation burdens and costs may fall on small-scale and poorest farmers as
a result of CSA (Neufeldt et al., 2013). Furthermore, Nagothu et al. (2016) argue that carbon markets generated
due to CSA may serve the interests of the corporate sector while marginalizing smallholder farmers.
There is a specific lack of guidance on the attributes and performance criteria of CSA practices and models for
small-scale farmers. Practices promoted by CSA such as agro-ecology, conservation agriculture, and ecosystem
management are common in the agriculture literature. These are already practiced by smallholders, indigenous
farmers, and community-based organizations and implemented as part of development programmes (Anders-
son & D’Souza, 2014). In the absence of ‘smart’ characteristics and tools, CSA does not provide an alternative
scientific agenda to sustainable intensification. Without such clarity, unsustainable models of agriculture may
likely be reinforced, justified, and re-branded as CSA. This risk is being expressed in the literature with reference
to green-washing, new injections to commercial/industrial agriculture, capitalist intensive livestock, high value
cropping systems, genetically-modified production systems, and biotechnology-infused farming (Aubert et al.,
2015; Nagothu et al., 2016).
Furthermore, another critique of CSA is the lack of transparency and accountability in the governance of
GACSA, especially how new institutional arrangements account for pre-existing agriculture practices and
policy agreements (CIDSE, 2015). Lying at the heart of this concern is the argument that GACSA governance
is highly unbalanced, mainly run by the large global agencies, and presumably excluding NGOs and small-
holders. The GACSA, for instance, lacks a clear governance structure, thus favouring the engagement of
‘wealthy governments’, global actors, multilateral regimes, and international organizations over developing
countries and national NGOs (Anderson, 2014). A broad coalition of global level institutions, including the
FAO, World Bank, CGIAR, research centres, and multilateral agencies are currently supporting scientific research
and policy on CSA for smallholder farmers in developing countries (GACSA, 2015b). Together these agencies
form the GACSA, hosted by the FAO. The GACSA is fairly new, evolving, and has been further criticized for its
lack of transparency and social and environmental safeguards (Aubert et al., 2015). As a result, as many as
360 NGOs and academic groups expressed concerns about the legitimacy of power within the GACSA and
refused to take part in the GACSA when it was launched in September 2014 (Caron & Treyer, 2016). NGOs fol-
lowed, with calls for decision makers to reject discussion of CSA within the UN processes relating to climate
change and agriculture.
Interlinked with the previous argument is that knowledge produced on CSA is highly politicized and fails to
sufficiently engage different NGOs and community-based organizations (Neufeldt et al., 2013). The GACSA has
resulted in the formation of international knowledge networks consisting of global scientific bodies, coalitions
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and mandates. Examples include the Knowledge Action Group of the GACSA, and CGIAR Research Program on
Climate Change, Agriculture and Food Security (CCAFS) supported by 15 Agricultural Research Centres (e.g.
World Agroforestry Centre). The Knowledge Action Group of the Knowledge Action Group is convened by
CCAFS, FAO and French Agricultural Research Centre for International Development or CIRAD. Powerful inter-
national agriculture research institutions exercise significant influence over scientific knowledge produced in
these policy spaces that flow through trans-scalar networks of CSA affiliation present in the tropical belts of
developing countries. These partnerships aim to advance global research agendas on CSA and can limit the
degree to which NGOs can influence CSA research and policies.
Finally, narratives informing the CSA discourse are shaped by the geopolitical relations and power imbal-
ances within its governance structure. Power relations between different geo-economic groups, combined
with policy and advocacy work of the CGIAR consortium partners (e.g. Dinesh et al., 2016) transform scientific
knowledge into institutionalized strategies, which ultimately influence how mitigation and adaptation actions
are integrated across scales. While not diminishing the value of scientific knowledge being produced for
improved technology and practices to sustainably transform agriculture, governance entities tasked with CSA
need to re-think the ‘participatory’ nature and transparency in producing scientific knowledge. Issues such as
characteristics of CSA practices, access to scientific knowledge, engagement of the private sector in the
GACSA and lack of integration of smallholder concerns remain unresolved with the discourse.
4.6. Research and knowledge gaps
The results of the analysis suggest that the CSA literature focuses on establishing the scientific and technical
credibility of the discourse globally, and focuses to a lesser extent on research related to the social, policy, econ-
omic, and management domains. Ten broad priorities for future research emerge from our review, which are
summarized in Supplementary Data D4. Future research needs to be localized to the scale of smallholder
farms and community-based programmes. While this review analysed narratives informing CSA from the
global, developing and developed country scales, research on concerns and priorities from a local scale or small-
holder perspective is limited. The CSA discourse could benefit from including local narratives and the priorities
of marginalized smallholder farmers (the ultimate beneficiaries of CSA). Key questions remain: how is CSA
framed and practiced at the local level? What are the emerging concerns and narratives? How do smallholder
farmers frame their priorities on CSA? How does that stack up with institutional decision making? Research on
the local level can help differentiate the global narratives from the on-the-ground realities and experiences.
There is a smaller but growing literature on adaptation in smallholder landscapes (e.g. Lasco, Espaldon, &
Habito, 2016; Simelton et al., 2013). However, many of the reviewed smallholder farmer case studies focus on
‘on-farm’ technical practices. Few studies have evaluated ‘off-farm’ activities (e.g. institutional arrangements,
financial instruments, policies and knowledge), as well as the socio-economic dynamics of smallholder farmer
resilience (e.g. Simelton, Fraser, Termansen, Forster, & Dougill, 2009). While there is a substantial body of
work on what needs to happen for CSA to be useful to smallholder farmers, there is limited uptake of scientific
evidence from existing experiences and successful examples from local scales. Empirical case studies on CSA and
the practical application of integrated practices demonstrating triple-win benefits would be useful (Suckall et al.,
2015). Key knowledge gaps include the synergies and trade-offs between adaptation, mitigation, and food
security that are generated via smallholder and mixed-farm agriculture systems (Branca et al., 2011; FAO,
2010). Of importance is an investigation of the optimal mix of ‘on-farm’ practices and ‘off-farm’ adaptation
and mitigation measures (Klein, Schipper, & Dessaid, 2005) that can support synergistic smallholder agriculture
transformations.
5. Conclusion
Research on the relationships between climate change and agriculture has evolved into four multi-disciplinary
agendas: science, management, economics, and policy. This systematic literature review has illustrated that
while CSA is promoted as a multidisciplinary concept, on-going biases towards scientific and technical issues
continue to affect how scholars position CSA at the global level. Much of the scientific attention is on
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farming practices, crop-based modelling, land management practices, and how farming practices can integrate
the three pillars of CSA (i.e. adaptation, mitigation, and food security). Although there is sufficient scientific evi-
dence and technical guidance to identify CSA options, social, management, and economic issues are poorly
developed in the literature. In particular, research on gender, markets, broader landscape elements, and decision
making to promote greater coherence, coordination, and integration of the CSA pillars is lacking.
The three CSA pillars operate at different geo-economic, institutional, and spatial scales. CSA is perceived dif-
ferently by actors according to their political ideologies, and influenced by diverse funding arrangements,
decision-making structures, and market and trade barriers. The relative importance of the CSA pillars varies
depending on local narratives. The diversity of adaptation and mitigation approaches across different scales
in the agriculture sector highlights the existing divide in the interpretation of CSA. Context, scale, and political
ideologies all affect the outcomes of CSA, and a universal definition is therefore unlikely. Our argument is that if
CSA is to achieve climate resilience and food security, it needs to integrate emerging narratives rather than
operate around them (i.e. there is a no ‘one size fits all’ and CSA requires flexibility). The different narratives
and political ideologies surrounding CSA need to be carefully understood and evaluated. In practice, this
may be translated into adaptation-oriented, mitigation-oriented, gender-specific, and market-oriented CSA pro-
jects cutting across political scales. Another lesson is that there needs to more communication about what
various communities of practice mean by CSA.
Despite the different narratives and orientations, there are important synergies and conflicts between the
different CSA pillars. Pursuing different orientations would also involve trade-offs, which can favour one CSA
pillar over another. Such trade-offs may result in budget re-allocations, diversion of resources, policy man-
dates, and organizational restructures that may support or constrain upscaling of CSA practices. In con-
clusion, projects introducing CSA to farmers as an alternative approach would need to closely consider
the synergies, trade-offs, and co-benefits of livelihood and environmental outcomes. Optimal mixes of adap-
tation and mitigation interventions can ensure maximum socio-economic development co-benefits for small-
holder farmers. With limited resources and competing food security priorities, creating an optimal mix of
interventions can maximize synergies between the CSA components, while avoiding conflicting policies
and negative trade-offs.
The governance of, and knowledge co-production on, CSA is underpinned by scalar relations, networks of
power and affiliation of institutions framed by western ideologies of science and technology. CSA debates
have been greatly influenced by development agencies like the World Bank and FAO given the weight of
their influence. This has resulted in different interpretations of climate-smart practices with the aim of mobilizing
new sources of climate finance in the agriculture sector. Knowledge co-production and a transformative CSA
agenda, however, should aim to empower the most vulnerable and farmer networks first, rather than leading
elite institutional agendas. Conventional top-down and scientific-led research should be complemented with
the inclusion of non-experts and community-based organizations.
This review recommends that future research addresses the issue of scale, and account for differences in CSA
narratives by supporting broad social participation. This obvious science-policy gap can be addressed through
cross-disciplinary research agendas. The global scientific research agenda requires a re-direction of investments
towards smallholder ‘on-farm’ and ‘off-farm’ realities. This includes the re-thinking of political and institutional
dimensions of the CSA discourse, and can be achieved in part by strengthening the interface of the social, man-
agement, and economic dimensions of research through cross-disciplinary studies. Doing so would entail re-
forming existing patterns of knowledge production within CSA knowledge networks by involving farmer-led
organizations, NGOs, and actors beyond elite development and research agencies.
Notes
1. Institutions in this research are defined as the systems in place that give rise to rules, decision-making procedures, social and
cultural practices, and the interactions among the formal and informal organizations of the relevant roles (Naess, Bang, Eriksen,
& Vevatne, 2005).
2. The letter of concerns and reaction to CSA issued by more than 350 civil society organisations is available at: http://www.
climatesmartagconcerns.info/
CLIMATE POLICY 13
Acknowledgements
The authors are grateful to the organizers of the Third Global Science Conference on Climate-Smart Agriculture (Montpellier, France,
16–18 March 2015) for supporting attendance of the key author from which this paper arose. The authors thank the three anonymous
reviewers for their constructive comments. The Australian Government and University of Queensland under the Australian Postgradu-
ate Award supported this research.
Disclosure statement
No potential conflict of interest was reported by the authors.
References
Addison, T., Arndt, C., & Tarp, F. (2011). The triple crisis and the global aid architecture. African Development Review, 23(4), 461–478.
doi:10.1111/j.1467-8268.2011.00299.x
Anderson, T. (2014). Clever name, losing game? How climate smart agriculture is sowing confusion in the food movement. Johannesburg:
ActionAid International.
Andersson, J. A., & D’Souza, S. (2014). From adoption claims to understanding farmers and contexts: A literature review of conservation
agriculture (CA) adoption among smallholder farmers in southern Africa. Agriculture, Ecosystems & Environment, 187, 116–132.
doi:10.1016/j.agee.2013.08.008
Aubert, P., Brun, M., & Treyer, S. (2015). Ensuring transparency and accountability of the global alliance for climate smart agriculture in the
perspective of COP21. Policy Briefs N°03/2015, Paris, France: The Institute for Sustainable Development and International Relations
(IDDRI).
Beddington, J. R., Asaduzzaman, M., Clark, M. E., Fernández Bremauntz, A., Guillou, M. D., Howlett, D. J. B.,…Wakhungu, J. (2012). What
next for agriculture after Durban? Science, 335(6066), 289–290. doi:10.1126/science.1217941
Bedmar Villanueva, A., Jha, Y., Ogwal-Omara, R., Welch, E., SayoumWedajoo, A., & Halewood, M. (2016). Adoption of climate smart tech-
nologies in East Africa: Findings from two surveys and participatory exercises with farmers and local experts. CCAFS Info Note, CGIAR
Research Program on Climate Change, Agriculture and Food Security (CCAFS), Copenhagen, Denmark.
Bogdanski, A. (2012). Integrated food–energy systems for climate-smart agriculture. Agriculture & Food Security, 1(9). doi:10.1186/2048-
7010-1-9.
Branca, G., McCarthy, N., Lipper, L., & Jolejole, M. C. (2011). Climate-smart agriculture: A synthesis of empirical evidence of food security
and mitigation benefits from improved croplandmanagement. Mitigation of Climate Change in Agriculture Series 3. Rome, Italy: Food
and Agriculture Organization of the United Nations (FAO).
Bryan, E., Ringler, C., Okoba, B., Koo, J., Herrero, M., & Silvestri, S. (2013). Can agriculture support climate change adaptation, green-
house gas mitigation and rural livelihoods? Insights from Kenya. Climatic Change, 118(2), 151–165. doi:10.1007/s10584-012-
0640-0
Camargo, G. G. T., Ryan, M. R., & Richard, T. L. (2013). Energy use and greenhouse gas emissions from crop production using the farm
energy analysis tool. BioScience, 63(4), 263–273. doi:10.1525/bio.2013.63.4.6
Campbell, B. M., Thornton, P., Zougmoré, R., van Asten, P., & Lipper, L. (2014). Sustainable intensification: What is its role in climate
smart agriculture? Current Opinion in Environmental Sustainability, 8, 39–43. doi:10.1016/j.cosust.2014.07.002
Caron, P., & Treyer, S. (2016). Chapter 25: Climate-smart agriculture and international climate change negotiation forums. In E.
Torquebiau (Eds.), Climate change and agriculture worldwide (pp. 325–336). Amsterdam: Springer.
CIDSE. (2015). Climate-smart revolution or a new era of green washing? Brussels: Coopération Internationale pour le Développement
et la Solidarité, 21 May, http://www.cidse.org/publications/just-food/food-and-climate/climate-smart-revolution-or-a-new-era-of-
green-washing-2.html (accessed 16 April 2017).
Deng, A., Chen, C., Feng, J., Chen, J., & Zhang, W. (2016). Cropping system innovation for coping with climatic warming in China. The
Crop Journal. doi:10.1016/j.cj.2016.06.015
Dinesh, D., Frid-Nielsen, S., Norman, J., Mutamba, M., Loboguerrero Rodriguez, A. M., & Campbell, B. M. (2015). Is climate-smart agri-
culture effective? A review of selected cases (CCAFS Working Paper no. 129). CGIAR Research Programme on Climate Change,
Agriculture and Food Security (CCAFS), Copenhagen, Denmark.
Dinesh, D., Vermeulen, S., Bacudo, I., Martinez-Baron, D., Castro-Nunez, A., Hedger, M.,…Wollenberg, L. (2016). Options for agriculture
at Marrakech climate talks: Messages for SBSTA 45 agriculture negotiators (CCAFS Report No. 16). CGIAR Research Program on Climate
Change, Agriculture and Food Security (CCAFS), Copenhagen, Denmark.
Ewbank, R. (2015). Climate-resilient agriculture: What small-scale producers need to adapt to climate change. London: Christian Aid.
FAO. (2010). Climate-smart agriculture: Policies, practices and financing for food security, adaptation and mitigation. Rome: Author.
Falloon, P., & Betts, R. (2010). Climate impacts on European agriculture and water management in the context of adaptation and miti-
gation – The importance of an integrated approach. Science of the Total Environment, 408(23), 5667–5687. doi:10.1016/j.scitotenv.
2009.05.002
Ford, J. D., Berrang-Ford, L., & Paterson, J. (2011). A systematic review of observed climate change adaptation in developed nations. A
letter. Climatic Change, 106, 327–336. doi:10.1007/s10584-011-0045-5
14 A. CHANDRA ET AL.
Franks, J. R. (2014). Sustainable intensification: A UK perspective. Food Policy, 47, 71–80. doi:10.1016/j.foodpol.2014.04.007
GACSA. (2015a). Inception year work plan – January to December 2015. Rome: Author. Retrieved December 13, 2015, from http://www.
fao.org/3/a-au701e.pdf
GACSA. (2015b). Global alliance for climate-smart agriculture members list Version13:14 October 2015. GACSA Series Document 3
(GACSA3). Rome: Author.
GCEC. (2014). Better growth. Better climate. The new climate economy report. Washington, DC: Global Commission on the Economy and
Climate, World Resources Institute.
GRAIN. (2015). The exons of agriculture. Barcelona: Author.
Harvey, M. (2014). The food-energy-climate change trilemma: Toward a socio-economic analysis. Theory, Culture & Society, 31(5),
155–182. doi:10.1177/0263276414537317
Harvey, C. A., Chacón, M., Donatti, C. I., Garen, E., Hannah, L., Andrade, A.,…Wollenberg, E. (2014). Climate-smart landscapes:
Opportunities and challenges for integrating adaptation and mitigation in tropical agriculture. Conservation Letters, 7, 77–90.
doi:10.1111/conl.12066
Holt-Giménez, E., & Altieri, M. A. (2013). Agroecology, food sovereignty, and the new Green revolution. Agroecology and Sustainable
Food Systems, 37(1), 90–102. doi:10.1080/10440046.2012.716388
Howden, S. M., Soussana, J. F., Tubiello, F. N., Chhetri, N., Dunlop, M., & Meinke, H. (2007). Adapting agriculture to climate change.
Proceedings of the National Academy of Sciences of the USA, 104(50), 19691–19696.
IPCC. (2007). Agriculture. In Climate change 2007: Mitigation. Working Group III Contribution to the Fourth Assessment Report of the IPCC.
Cambridge: Cambridge University Press.
Jordan, N. R., & Davis, A. S. (2015). Middle-way strategies for sustainable intensification of agriculture. BioScience, 65(5), 513–519. doi:10.
1093/biosci/biv033
Klein, R. J. T., Huq, S., Denton, F., Downing, T. E., Richels, R. G., Robinson, J. B., & Toth, F. (2007). Inter-relationships between adaptation
andmitigation. In M. L. Parry, O. F. Canziani, J. P. Palutikof, P. J. van der Linden, and C. E. Hanson (Eds.), Climate change 2007: Impacts,
adaptation and vulnerability (pp. 745–777). Contribution of Working Group II to the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change. Cambridge: Cambridge University Press.
Klein, R. J. T., Schipper, E. L. F., & Dessaid, S. (2005). Integrating mitigation and adaptation into climate and development policy: Three
research questions. Environmental Science & Policy, 8(6), 579–588. doi:10.1016/j.envsci.2005.06.010
Lasco, R. D., Delfino, R. J. P., Catacutan, D. C., Simelton, E. S., & Wilson, D. M. (2014). Climate risk adaptation by smallholder farmers: The
roles of trees and agroforestry. Current Opinion in Environmental Sustainability, 6, 83–88. doi:10.1016/j.cosust.2013.11.013
Lasco, R. D., Espaldon, M. L. O., & Habito, C. M. D. (2016). Smallholder farmers’ perceptions of climate change and the roles of trees and
agroforestry in climate risk adaptation: Evidence from Bohol, Philippines. Agroforest Systems, 90(3), 521–540. doi:10.1007/s10457-
015-9874-y
Leximancer. (2016). Leximancer user guide release 4.5. Brisbane: Leximancer Pty. Retrieved August 15, 2016, from http://doc.leximancer.
com/doc/LeximancerManual.pdf
Lipper, L., Thornton, P., Campbell, B. M., Baedeker, T., Braimoh, A., Bwalya, M.,… Torquebiau, E. F. (2014). Climate-smart agriculture for
food security. Nature Climate Change, 4, 1068–1072. doi:10.1038/nclimate2437
McCarthy, N., Lipper, L., & Branca, G. (2011). Climate-smart agriculture: smallholder adoption and implications for climate change adap-
tation and mitigation. Mitigation of Climate Change in Agriculture Series 4, Food and Agriculture Organization of the United
Nations (FAO), Rome, Italy.
Nagothu, S. N., Kolberg S., and Stirling, C M. (2016). Climate smart agriculture. Is this this the new paradigm of agricultural develop-
ment? In S. N. Nagothu (Ed.), Climate change and agricultural development: Improving resilience through climate smart agriculture,
agroecology and conservation (pp. 1–20). Oxon: Routledge.
Naess, L. O., Bang, G., Eriksen, S., & Vevatne, J. (2005). Institutional adaptation to climate change: Flood responses at the municipal level
in Norway. Global Environmental Change, 15, 125–138. doi:10.1016/j.gloenvcha.2004.10.003
Neufeldt, H., Jahn, M., Campbell, B. M., Beddington, J. R., DeClerck, F., De Pinto, A.,… Zougmoré, R. (2013). Beyond climate-smart agri-
culture: Toward safe operating spaces for global food systems. Agriculture and Food Security, 2(12), 1–6. doi:10.1186/2048-7010-2-12
Nielsen, J. O., and D’haen, S. A. L. (2014). Asking about climate change: Reflections on methodology in qualitative climate change
research published in global environmental change since 2000. Global Environmental Change, 24, 402–409. doi:10.1016/j.
gloenvcha.2013.10.006
Petticrew, M. (2001). Systematic reviews from astronomy to zoology: Myths and misconceptions. BMJ, 322(7278), 98–101. doi:10.1136/
bmj.322.7278.98
Porter, J. R., Xie, L., Challinor, A. J., Cochrane, K., Howden, S. M., Iqbal, M. M.,… Travasso, M. I. (2014). Food security and food production
systems. In C. B. Field, V. R. Barros, D. J. Dokken, K. J. Mach, M. D. Mastrandrea, T. E. Bilir,… L. L. White (Eds.), Climate change 2014:
Impacts, adaptation, and vulnerability. Part A: Global and sectoral aspects (pp. 485–533). Contribution of Working Group II to the Fifth
Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge: Cambridge University Press.
Rasul, G., & Sharma, B. (2016). The nexus approach to water–energy–food security: An option for adaptation to climate change. Climate
Policy, 16(6), 682–702. doi:10.1080/14693062.2015.1029865
Reidsma, P., Bakker, M. M., Kanellopoulos, A., Alam, S. J., Paas, W., Kros, J., & de Vries, W. (2015). Sustainable agricultural development in
a rural area in the Netherlands? Assessing impacts of climate and socioeconomic change at farm and landscape level. Agricultural
Systems, 141, 160–173. doi:10.1016/j.agsy.2015.10.009
CLIMATE POLICY 15
Rockström, J., Williams, J., Daily, G., Noble, A., Matthews, N., Gordon, L.,… Bird, J. (2016). Sustainable intensification of agriculture for
human prosperity and global sustainability. Ambio, 1–14. doi:10.1007/s13280-016-0793-6
Rosenzweig, C., & Tubiello, F. N. (2007). Adaptation and mitigation strategies in agriculture: An analysis of potential synergies.
Mitigation and Adaptation Strategies for Global Change, 12, 855–873. doi:10.1007/s11027-007-9103-8
Saravanan, R. (2013). E-Agriculture prototype for knowledge facilitation among tribal farmers of North-East India: Innovations, impact
and lessons. The Journal of Agricultural Education and Extension, 19(2), 113–131. doi:10.1080/1389224X.2012.718247
Scherr, S. J., Shames, S., & Friedman, R. (2012). From climate-smart agriculture to climate-smart landscapes. Agriculture & Food Security,
1, 12. doi:10.1186/2048-7010-1-12.
Schleussner, C., Lissner, T. K., Fischer, E. M., Wohland, J., Perrette, M., Golly, A.,… Schaeffer, M. (2016). Differential climate impacts for
policy-relevant limits to global warming: The case of 1.5 °C and 2 °C. Earth System Dynamics, 7, 327–351. doi:10.5194/esd-7-327-
2016
Simelton, E., Fraser, E. D. G., Termansen, M., Forster, P. M., & Dougill, A. J. (2009). Typologies of crop-drought vulnerability: An empirical
analysis of the socio-economic factors that influence the sensitivity and resilience to drought of three major food crops in China
(1961-2001). Environmental Science and Policy Special Issue: Global Environmental Change and Food Security, 12(4), 438–452. doi:10.
1016/j.envsci.2008.11.005
Simelton, E., Quinn, C. H., Batisani, N., Dougill, A., Dyer, J., Fraser, E. D. G.,… Stringer, L. (2013). Is rainfall really changing? Farmers’ percep-
tions, meteorological data, and policy implications. Climate and Development, 5(2), 123–113. doi:10.1080/17565529.2012.751893
Smith, P., & Olesen, J. (2010). Synergies between the mitigation of, and adaptation to, climate change in agriculture. Journal of
Agricultural Science, 148, 543–552. doi:10.1017/S0021859610000341
Smith, P., Martino, D., Cai, Z., Gwary, D., Janzen, H., Kumar, P.,… Towprayoon, S. (2007). Policy and technological constraints to
implementation of greenhouse gas mitigation options in agriculture. Agriculture, Ecosystems & Environment, 118(1–4), 6–28.
doi:10.1016/j.agee.2006.06.006
Steenwerth, K. L., Hodson, A. K., Bloom, A. J., Carter, M. R., Cattaneo, A., Chartres, C.J.,… Jackson, L. E. (2014). Climate-smart agriculture
global research agenda: Scientific basis for action. Agriculture & Food Security, 3(11). doi:10.1186/2048-7010-3-11
Suckall, N., Stringer, L. C., & Tompkins, E. L. (2015). Presenting triple-wins? Assessing projects that deliver adaptation, mitigation and
development co-benefits in rural Sub-Saharan Africa. Ambio, 44(1), 34–41. doi:10.1007/s13280-014-0520-0
Thierfelder, C., Rusinamhodzi, L., Setimela, P., Walker, F., & Eash, N. S. (2015). Conservation agriculture and drought-tolerant germ-
plasm: Reaping the benefits of climate-smart agriculture technologies in central Mozambique. Renewable Agriculture and Food
Systems, 31, 414–428. doi:10.1017/S1742170515000332
Thomas, S. (2014). Blue carbon: Knowledge gaps, critical issues, and novel approaches. Ecological Economics, 107, 22–38. doi:10.1016/j.
ecolecon.2014.07.028
Thorn, J. P. R., Friedman, R., Benz, D., Willis, K. J., & Petrokofsky, G. (2016). What evidence exists for the effectiveness of on-farm con-
servation land management strategies for preserving ecosystem services in developing countries? A systematic map.
Environmental Evidence, 5(13), 1–29. doi:10.1186/s13750-016-0064-9
Thornton, T. F., & Comberti, C. (2013). Synergies and trade-offs between adaptation, mitigation and development. Climatic Change,
1–14. doi:10.1007/s10584-013-0884-3
Tittonell, P. (2014). Ecological intensification of agriculture- sustainable by nature. Current Opinion in Environmental Sustainability, 8,
53–61. doi:10.1016/j.cosust.2014.08.006
UN. (2014). United Nations Climate Summit 2014 Agriculture Action Area One-Year Report. Office of the UN Secretary-General, United
Nations, New York, USA, Retrieved September 10, 2016, from http://www.un.org/en/zerohunger/pdfs/15-19891-E-EOSG-Climate-
Summit-2014%20final.pdf
UNDP. (2013). Human Development Report 2013. The rise of the south: Human progress in a diverse world. New York, USA: United Nations
Development Programme.
Ürge-Vorsatz, D., Herrero, S. T., Dubash, N. K., & Lecocq, F. (2014). Measuring the Co-benefits of climate change mitigation. Annual
Review of Environment and Resources, 39, 549–582. doi:10.1146/annurev-environ-031312-125456
WB. (2010). Agriculture must play key role in climate solutions. Washington, DC: Author. Retrieved October 10, 2016, from http://web.
worldbank.org/WBSITE/EXTERNAL/NEWS/0,,contentMDK:22786407~pagePK:64257043~piPK:437376~theSitePK:4607,00.html
Wilbanks, T. J., & Sathaye, J. (2007). Integrating mitigation and adaptation as responses to climate change: A synthesis. Mitigation and
Adaptation Strategies for Global Change, 12(5), 957–962. doi:10.1007/s11027-007-9108-3.
Zanella, M. A., Rahmanian, M., Perch, L. N., Callenius, C., Rubio, J. L., Vuningoma, F.,…Mapfum, P. (2015). Discussion: Food security and
sustainable food systems: The role of soil. International Soil and Water Conservation Research, 3(2), 154–159. doi:10.1016/j.iswcr.
2015.06.001
16 A. CHANDRA ET AL.
